
LETTERS TO
THE EDITOR

A novel de novo point mutation in the
GTP cyclohydrolase I gene in a Japanese
patient with hereditary progressive and
dopa responsive dystonia

Hereditary progressive dystonia is character-
ised by lower limb dystonia of childhood
onset with marked diurnal fluctuation and
shows a dramatic and stable response to low
dose levodopa. The disease is transmitted in
autosomal dominant inheritance, and Segawa
et al1 proposed hereditary progressive dysto-
nia as a new disease entity in the early 1970s.
Dopa responsive dystonia, which was first
proposed by Nygaard et al2 in 1988, is essen-
tially identical to hereditary progressive
dystonia although it may include some other
heterogeneous dystonias. The GTP cyclohy-
drolase I (GTP-CH I) gene on chromosome
14 is the causative gene of hereditary
progressive/dopa responsive dystonia3 and
more than 20 diVerent mutations have been
reported. We report a novel non-sense muta-
tion in the GTP-CH I gene in a genetically
confirmed sporadic Japanese patient.

A 12 year old Japanese girl developed gait
disturbance with a dystonic pes equinovarus
posture in the right leg at the age of 4 years.
These symptoms showed diurnal fluctuation;
they were mild in the morning and worsened
later in the day, and sleep improved the
symptoms. They dramatically and continu-
ously responded to low dose levodopa/

carbidopa (100 mg/day) without adverse
eVects. Other members of her family, com-
prising the parents and one sister, had no
symptoms.

Blood specimens of the patient and of the
parents and sister were available for genetic
analysis. For mutation analysis, genomic
DNA was extracted from EDTA anticoagu-
lated peripheral blood. Fragments of DNA
containing the entire coding region of the
GTP-CH I gene were obtained from genomic
DNA by polymerase chain reaction (PCR)
according to the method of Ichinose et al.3

Direct nucleotide sequencing of PCR prod-
ucts was performed with an automated DNA
sequencer (Applied Biosystems 310) using
the same primers as were used for amplifica-
tion.

Direct nucleotide sequencing of genomic
DNA of the patient showed a G to A
transversion in exon 1 of the GTP-CH I gene
(data not shown). This mutation produces a
substitution of the tryptophan residue
(TGG) with a stop codon (TGA) at position
96, which creates a new Eco57I cleavage site.
The sequencing of the parents and the sister
of the patient showed no mutation. To
confirm the mutation, exon 1 was amplified
and digested by Eco57I in all the four
subjects. The restriction fragment length
polymorphism consisted of two fragments
(370 and 132 bp) in the mutant allele and one
fragment (502 bp) in the normal allele
(figure). The restriction pattern in the patient
was consistent with heterozygous status, con-
sisting of one each of the mutant and normal
alleles, whereas that of the parents and sister,
with homozygous status of two normal
alleles. No other mutations were detected in
the coding region of the gene.

The patient presented with typical clinical
features of hereditary progressive dystonia. A
new mutation in the GTP-CH I gene of the
present patient causes a stop codon, and this
mutation is most likely the pathogenic muta-
tion. GTP-CH I catalyses the initial and rate
limiting steps of tetrahydrobiopterin synthe-
sis. Tetrahydrobiopterin is an essential cofac-
tor for tyrosine hydroxylase, the rate limiting
enzyme in the dopamine synthesis pathway.
GTP-CH I activity in patients with heredi-
tary progressive dystonia is less than 20% of
that in normal subjects.3 The non-sense
mutation in exon 1 confirmed in the present
patient would have caused premature trunca-
tion of the GTP-CH I protein with a loss of
an estimated 60% of the amino acid residues
from the C terminal, and GTP-CH I activity,
though it was not measured, may have been
reduced below the critical threshold. To date,
22 diVerent mutations in the GTP-CH I gene
have been identified worldwide, and there
seems to be no evidence of the founder effect.

To our knowledge, only a single case
(patient 2 of Furukawa et al4) was confirmed
to be genetically sporadic. They identified the
G to A transversion at the splice acceptor site
of intron 1 in the GTP-CH I gene, causing
skipping of the entire exon 2 in the mature
mRNA. In the present family, the mutation
was confirmed in the propositus only, and not
in the parents and the sister. The restriction
fragment length polymorphism generated by
Eco57I consisted of one fragment (502 bp)
common to the parents and sister and an
additional two fragments (370 and 132 bp)
unique to the patient. The present patient
was thus confirmed to be genetically sporadic
and heterozygotic, and is the second report of
de novo mutation in the GTP CH-I gene.
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Central nervous system involvement in
four patients with Charcot-Marie-Tooth
disease with connexin 32 extracellular
mutations

In a recent issue of this Journal1 there was a
report of two cases of multiple sclerosis with
duplicated CMT1A. Here we present four
additional patients with Charcot-Marie-

(A) Pedigree of a Japanese hereditary progressive/dopa responsive dystonia family with mutation in
the GTP-CH I gene. The aVected propositus is represented by solid symbol, and unaVected family
members, by open symbols. (B) Agarose gel electrophoresis of Eco57I restriction pattern in the exon 1
of GTP-CH I gene. PCR product (502 bp) including exon 1 of the GTP-CH I gene from the patient
was partially digested into two fragments of smaller sizes (370 and 132 bp) due to a Eco57I cleavage
site created by a mutation in exon 1 of the gene. The 502 bp fragments from the unaVected family
members remained undigested. Lane M=pUC19 DNA MspI digestion marker.
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Tooth disease with CNS involvement as
shown by electrophysiological studies and the
presence of myelin lesions in brain MRI. In
our patients point mutations were identified
in GJB1, a gene coding for connexin 32
(GenBank acc number 117688). We also
point to the possible importance of the posi-
tion (intracellular or extracellular) of the
mutations in the involvement or not of the
CNS.

In the process of investigating a panel of
patients with Charcot-Marie-Tooth disease
for mutations leading to the disease, we have
screened the GJB1 gene for mutations in six
patients (C12, C64, C10, and C13 (all unre-
lated), and C2–1 and C2–2 (brothers) who
did not have a CMT1A duplication and had
a family history compatible with an X linked
mode of transmission. GJB1 is a gene coding
for connexin 32 (Cx32), a gap junction
protein that is found in both the peripheral
and the central nervous systems2 and that has
been reported by many to be responsible for
CMTX, the X linked subtype of Charcot-
Marie-Tooth disease. We performed our
search using SSCP and nucleotide sequenc-
ing when additional bands were detected.3

Mutations leading to amino acid sequence
changes and transmitted with the disease
were detected in all six patients, whereas
these nucleotide variations were not detected
in 150 healthy control X chromosomes.
Because Cx32 is a protein expressed in both
the peripheral and the central nervous
systems we proceeded to test for CNS
involvement in those patients using electro-
physiological (table) and MRI techniques.
The clinical and laboratory findings for our
patients were as follows.

Patient C2–1, a 19 year old man, had a his-
tory of 5 hour to 3 day long episodes of
weakness—generalised or at other times
localised to the left or right half of the body—
dysarthria, and diYculty in swallowing.
Neurological clinical examination showed
muscle weakness and peripheral atrophy of
the limbs, absence of tendon reflexes, distal
loss of vibration in the legs, indiVerent
plantar response, and bilateral pes cavus. The
CSF was normal. Brain SPECT (Tc-99m
HMPAO{15 mCi}) showed significant re-
duction of blood flow in the left parietal lobe.
Brain MRI showed bilateral symmetric areas
in the central white matter supraventricularly
with high intensity signal in T2 weighted

images. Electrophysiological studies (table)
showed that both the central and peripheral
nervous systems were aVected. The patient
had a C to T transition at position 164 (novel
mutation).

Patient C2–2, the 21 year old brother of
C2–1, had the same symptoms (multiple epi-
sodes of muscle weakness) since the age of 10
years. The clinical findings were also the
same. In this case the CSF showed IgG oligo-
clonal bands. Brain MRI was normal. Elec-
trophysiological studies also showed that
both the central and peripheral nervous
systems were aVected. The patient had the
same mutation as his brother C2–1, as was
expected.

Patient C12, a 63 year old man, had
progressive muscle weakness and peripheral
atrophy of the extremities since the age of 9
years. When admitted he had severe muscle
weakness, absence of tendon reflexes, distal
loss of vibration in the legs, dysmetria, fine
tremor, positive Romberg’s sign, and bilateral
pes cavus. The CSF showed an IgG index of
1.0 (normal<0.85) and oligoclonal bands.
Brain MRI showed foci of demyelination in
the white matter of the cerebral hemispheres.
Electrophysiological studies also showed that
both the central and peripheral nervous
system were aVected. The patient had the
same mutation as patient C2–1.

Patient C64, a 58 year old man, presented
with progressive muscle weakness and pe-
ripheral atrophy since the age of 10 years. His
CSF was not sampled. Brain MRI showed
high density areas of demyelination in the
white matter on the left side in the frontopa-
rietal area. The patient had a G to A
transition at position 491 (novel mutation).

Patient C10, a 78 year old man, presented
with progressive muscle weakness and pe-
ripheral atrophy of the legs since the age of
11. The clinical picture was the same as that
of patient C64. The CSF and brain MRI were
normal. The patient had a T to A transition at
position 359 (novel).

Patient C13, a 40 year old man, presented
with progressive muscle weakness and pe-
ripheral atrophy starting at the age of 7 years.
His CSF and brain MRI were normal. The
patient had a C to T transition at position 43
(already reported4). Sural nerve biopsy per-
formed in patients C2–1, C2–2, C64, and
C10 showed loss of muscle fibres and “onion
bulb” formation. It is of particular interest,

possibly implying an underlying mechanism,
that the four patients with evidence of CNS
involvement (C2–1, C2–2, C12, and C64 )
had mutations in the extracellular domain of
Cx32, and by contrast, in the two patients
with no evidence of CNS involvement (C10,
C13) the mutations were in the intracellular
domain of the protein.

The exact pathogenetic mechanisms of the
various types of myelin damage are not yet
fully understood. Therefore, we cannot reach
any convincing conclusions about the possi-
ble relations between those degenerative
processes and the position of Cx32 muta-
tions. However, we hope that our findings will
contribute to a better understanding of some
myelin damage mechanisms.
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Lack of mutation G209A in the
á-synuclein gene in French patients
with familial and sporadic Parkinson’s
disease

Polymeropoulos et al described the genetic
linkage of a large Italian Parkinson’s disease
pedigree (Contursi) to chromosome
4q21-q231; more recently the sequence of the
á-synuclein gene located in this chromosomal
region in aVected patients from this kindred
disclosed that most of the aVected members
were heterozygous for a missense mutation
(alanine→threonine) at position 53 of the
protein.2 This same missense mutation was
also found in three additional unrelated
families of Greek origin with Parkinson’s dis-
ease.

The mutation was found by DNA se-
quence analysis of the fourth exon of the
á-synuclein gene, disclosing a single base pair
change at position 209 from G to A (G209A),
and creating a novel Tsp45I restriction site.
Using a polymerase chain reaction (PCR)
assay and Tsp45I restriction, we have found
some French patients with Parkinson’s dis-
ease. Genomic DNA was amplified with
primers 3 and 13 of the DNA sequence
(GenBank ID U46898) in a 50 µl reaction
volume (10 mM Tris-HCl, pH=8.3; 50 mM
KCl; 1.5 mM MgCl2; 200 µM of each dNTP
and 1 U Taq polymerase); cycling parameters
were: one initial step of hybridisation at 94°C
during 5 minutes, 35 cycles of PCR (hybridi-
sation at 60°C, 40 seconds, extension at
72°C, 40 seconds; denaturation at 94°C, 40
seconds) and a final extension step (5
minutes at 74°C). A 20 µl aliquot of the 216
base pair (bp) product was restricted with the

Electrophysiological data from the six patients

C2-1 C2-2 C12 C64 C10 C13 Normal

MNC:
Median Ampl (mV) 4 0.8 0.6 0.8 1.0 0.2

DL (ms) 4.6 4.4 6.6 5.7 4.8 8.6
CV (m/s) 36 33 29 31 29 21

Peroneal Ampl (mV) 2.5 0.4 NE NE NE NE
DL (ms) 7.4 5.1 NE NE NE NE
CV (m/s) 38 30 NE NE NE NE

SNC:
Sural Ampl (mV) 2 4 NE 0.5 NE NE

DL (ms) 3.6 2.9 NE 8.1 NE NE
CV (m/s) 31 31 NE 22 NE NE

BAERs:
Right I (ms) 1.58 2.20 1.82 1.68 1.52 1.41 <1.73

III (ms) 4.54 4.58 4.63 4.61 3.12 2.89 <3.79
V (ms) 6.14 7.22 6.87 6.24 5.25 4.97 <5.72

Left I (ms) 1.72 1.62 1.98 1.85 1.43 1.51 <1.73
III (ms) 4.24 4.60 4.75 4.79 2.98 3.13 <3.79
V (ms) 6.20 6.22 7.31 6.87 4.95 4.87 <5.72

VEPs:
Right Lat (ms) 111.5 95.5 NP 112.2 NP NP 80–108
Left Lat (ms) 97 110 NP 110.8 NP NP R-L<8

MNC=Motor nerve conduction; Ampl=amplitude; DL=distal latency; CV=conduction velocity;
SNC=sensory nerve conduction, BAERs=brain stem auditory evoked responses: waves I, III, and V;
VEPs=visual evoked potentials; Lat=latency; NE=not evoked; NP=not performed.
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Tsp45I enzyme at 65°C for 5 hours ; the eY-
ciency of the Tsp45I restriction was verifi-
cated by monitoring for the pUC19 plasmid
restriction (four fragments at 1588, 576, 31,
and 211 bp). The digested PCR products
were separated by electrophoresis on a 3%
agarose gel and visualised by ethidium
bromide staining.

Fourteen French families3 4 with at least
two members in each family meeting clinical
criteria for idiopathic Parkinson’s disease
were tested. AVected members in all families
exhibited at least two of the three cardinal
signs of Parkinson’s disease (bradykinesia,
rigidity, and resting tremor), as well as
marked improvement with levodopa treat-
ment. The G209A mutation was not found in
27 patients with Parkinson’s disease belong-
ing to these 14 French pedigrees. The Tsp45I
restriction site was also absent in the genomic
amplifiate of 79 patients of French origin
with sporadic Parkinson’s disease.

We conclude that the G209A mutation is
rare, or absent, in French patients with famil-
ial and sporadic Parkinson’s disease, and
similar results were obtained recently from
American patients.5 The main age at onset of
disease in our patients with Parkinson’s
disease, both familial and sporadic, was 64.5
(range 25–88) years. The major kindred
published1 2 in which the G209A mutation
was found originates in Contursi (southern
Italy) and has fairly typical Parkinson’s
disease, albeit with relatively early onset of
symptoms and rapid subsequent progression;
little has been reported until now about the
three Greek families with Parkinson’s disease
with the G209A mutation, except that they
too have relatively early onset. Probably the
G209A mutation concerns a small set of
families with Parkinson’s disease, originating
from some focal localities on the Mediterra-
nean coast.
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Resolution of extensive spinal epidural
haematoma with conservative treatment

Spontaneous spinal epidural haematoma
(SSEDH) is an uncommon condition pre-
senting with local and radicular pain associ-
ated with clinical features of rapidly progres-
sive spinal cord compression. The cause of
the bleeding is varied, with anticoagulant
therapy recognised to be the commonest
known aetiological factor.1 Surgery is the
preferred treatment, regardless of aetiology,
especially in patients with extensive haemato-
mas and neurological deficits.1 2 Spontaneous
resolution of the haematoma is reported but
rare.3–5 We report a case of an extensive spon-
taneous spinal epidural haematoma extend-
ing from the upper cervical to lower thoracic
region secondary to anticoagulant therapy,
with remarkable clinical and radiological
improvement with conservative manage-
ment.

An 82 year old woman was admitted with a
one week history of neck pain and upper tho-
racic pain, which had worsened during the
preceding 4 days. On the day before admis-
sion, she developed sudden onset of complete
paraplegia with urinary retention. She had
noticed some improvement in power in her
legs and back pain on the day of referral to
our institution. She has a medical history of
ischaemic heart disease with congestive
cardiac failure and was on long term warfarin
therapy for atrial fibrillation. At the referring
hospital, her intemational normalised ratio
(INR) was 10 and she was transferred to our
neurosurgical unit after vitamin K and fresh
frozen plasma were administered.

When assessed on arrival, she was com-
plaining of mild thoracic pain. There was no
neurological abnormality in the upper limbs.
Tone was increased in the lower limbs with
grade 2 (MRC) power on the left and grade 3
on the right. She had sensory loss to pin prick
below D 10 with saddle anaesthesia. Posterior
column sensation was preserved. Deep ten-
don reflexes were pathologically brisk in the
lower limbs and planter responses were
extensor bilaterally.

Her INR was 1.9 and radiography of the
cervical spine showed spondylotic changes
and thoracic spine radiography showed evi-
dence of osteoporosis. There was no fracture.
Brain MRI showed an intermediate to high
signal intensity epidural lesion suggestive of
haematoma from C-1 extending to the lower
thoracic region, compressing the dorsal
aspect of the cord (figure).

As the power in her lower limbs was
improving, we elected to treat her conserva-
tively. Her clotting derangement was cor-
rected with vitamin K and fresh frozen
plasma while monitoring her INR. Her power
continued to improve and at the time of her
discharge she had grade 4 power in her legs
with associated mild distal sensory loss. Eight
weeks later, she had grade 5 power but was
slightly unsteady on her feet due to spasticity.
Sensory testing was normal. Repeat MRI
showed almost complete resolution of the
haematoma.

Spontanous spinal epidural haematoma
(SSEDH) is an uncommon disorder first
described by Jackson in 1869. It usually
aVects patients in the age group 20 to 70 and
the thoracic spine is the commonest region
aVected. Spinal MRI is the investigation of
choice in establishing diagnosis, characteristi-
cally showing increased signal intensity in T1
weighted images in an epidural mass at the
first examination or increasing signal inten-
sity with time; and in T2 weighted images,
showing focal low signal intensity in early
stages.4 The aetiology includes vascular
malformations, coagulopathies, anticoagu-
lant therapy, aspirin intake, minor trauma
and hypertension.1 2 6 In about 40% of cases,
the cause is unknown despite extensive
investigations.1 About 300 cases of SSEDH
have been reported in the world literature.1–6

Anticoagulant therapy is the commonest
known cause of SSEDH,1 but prothrombin
time or INR values do not seem to correlate
with the risk of haemorrhage.1 6

Surgery is generally the treatment of choice
as the rapid decompression of the spinal cord
ensures maximal neurological recovery. It is
generally held that early (<12 hours) surgery
and good preoperative neurological status
promise the best possible outcome, although
delayed surgery after total loss of spinal cord
function does not completely exclude the
possibility of some recovery.1–3

We report a case of SSEDH in an 82 year
old lady who was on anticoagulant therapy
(warfarin), for cardiovascular disease, and
presented with features of spinal cord com-
pression associated with back pain. Spinal
MRI disclosed spinal epidural haematoma
extending from C-1 to the lower thoracic

Electrophoresis patterns of Tsp451 digestion of
polymerase chain reaction (PCR) products.
Lane P shows pUC19 plasmid restricted by the
enzyme (the four restriction fragments at
1583,576,311, and 2116p). All the nine
subjects tested were wild type, producing a single
216bp PCR product which was resistant to
Tsp451 digestion. M=DNA size marker.

Cervical and thoracic MRI showing the extent
of epidural haematoma.
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region. Such an extensive haematoma is very
uncommon.1 4 Literature review suggests that
SSEDH involving more than two vertebral
levels carries a worse prognosis.1 2 Hence, the
rapid recovery seen in our patient despite
such an extensive haematoma is remarkable.

Improving clinical condition, extensive
haematoma, age, and poor medical condition
of the patient prompted us to pursue
conservative treatment with good clinical and
radiological improvement. Although emer-
gency surgery is the treatment of choice,
non-surgical therapy in the medically unfit,
patients with minor deficits, and in patients
with initial clinical improvement, has yielded
good results, in all the aetiological groups,1 3 4

which fits with our experience. Fresh frozen
plasma, Vitamin K, and monitoring of INR
have been the mainstay of conservative treat-
ment in patients on anticoagulants, who need
repeat MRI for follow up.3 4 With the ever
increasing number of patients on anticoagu-
lant therapy for cardiovascular diseases,
SSEDH is likely to become a more common
problem. When to restart anticoagulant
therapy and the optimal INR values to be
maintained after restarting are the questions
still unanswered in the literature.

In summary, SSEDH in patients taking
anticoagulant drugs with initial clinical im-
provement may be successfully treated with
regular clinical, haematological, and MRI
monitoring even if they have extensive clots.
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Flail arm syndrome: a distinctive
variant of amyotrophic lateral sclerosis

In a retrospective case note study of patients
referred to a specialist clinic for motor neuron
disorders we identified a subgroup of patients
with severe wasting and weakness of the arms
without significant functional involvement of
other regions. This “flail arm syndrome” was
identified in 39/395 (10%) of the subjects
studied. Their clinical characteristics were
compared with the amyotrophic lateral scle-
rosis (ALS) group as a whole. The age of
onset was similar between the two groups but
the male:female ratio was 9:1 in the flail arm
group, compared with 1.5:1 in the ALS group
(p=0.0015). Although there was a trend

towards improved survival in the flail arm
group (median survival 57 (95%CI 45–69)
months) compared with the ALS group (39
(95%CI 35–43) months), this did not reach
significance (p=0.204) and was not an
independent prognostic factor. As many
patients with flail arm syndrome develop
upper motor neuron signs in the lower limbs
this syndrome probably represents a variant
of ALS. It seems likely that unknown factors
linked to male sex predispose a proportion of
patients to develop the flail arm phenotype.

Historically, physicians have categorised
illnesses according to their clinical character-
istics. As a result the adult sporadic motor
neuron disease syndromes have been de-
scribed according to the site of lesion onset.
Most patients present with both upper and
lower motor neuron signs in the limbs (classic
motor neuron disease or ALS). Rarer forms
of predominantly upper and lower motor
neuron syndromes are also recognised (pri-
mary lateral sclerosis and progressive muscu-
lar atrophy respectively). We have noted that
a subgroup of patients with classic ALS
present with progressive wasting and weak-
ness of the arms, with little or no functional
impairment of the bulbar muscles or legs
(figure). Here we describe their clinical
features and natural history in comparison to
the ALS group as a whole. We have used the
term “flail arm syndrome” to describe this
variant of ALS.

All patients attending our specialist motor
neuron disorders clinic between 1 January
1990 and 30 September 1996 were studied in
a retrospective case notes study. Patients with
alternative diagnoses, such as Kennedy’s dis-
ease, spinal muscular atrophy, and multifocal
motor neuropathy were excluded after full
genetic, neurophysiological, and serological
investigation, leaving 395 patients with a firm
diagnosis of ALS. The censoring date for
survival analysis was 31 January 1996.

Patients were classified according to the El
Escorial criteria1 and included in a detailed
database incorporating key characteristics of
the disease. Most fulfilled probable or
definite ALS El Escorial catagories having
upper and lower motor neuorn signs at first
review. A minority with predominantly lower
motor neuron features at presentation ful-
filled suspected or possible ALS El Escorial
catagories. The flail arm syndrome was
defined as a predominantly lower motor neu-
ron disorder of the upper limbs without
significant functional involvement of other
regions at clinical presentation. Specifically,
the wasting and weakness of the upper limbs
had to be profound, symmetric, and involve
proximal muscle groups (MRC grade <3).
Those fulfilling the flail arm criteria were
identified and compared with the rest of the
ALS population based on the clinical assess-
ment made at the time of the first clinic visit.
Follow up was complete.

Demographic variables were compared
using Student’s t test. The ÷2 test and linear
regression were used to test the independence
of two variables. Survival of patients with
ALS was estimated using the Kaplan-Meier
curves and the log rank test was used to com-
pare diVerent categories. The Cox propor-
tional hazards model was used to assess the
simultaneous eVects of several variables on
survival. Results are expressed as the mean ±1
SD and a p value of <0.05 was considered
significant.

Of 395 patients, 39 (10%) were identified
as having the flail arm syndrome. Nine out of
39 (23%) of the patients with the syndrome
had solely lower motor neuron features at the
time of presentation. Upper motor neuron
signs in the legs were present in most patients
(77%) and although bulbar signs were
present in 22 (56%) during the follow up
period they were commonly asymptomatic at
presentation.

(A) This 54 year old man with the flail arm syndrome has severe wasting of the arms causing
profound weakness. Note the symmetric distribution and involvement of proximal musculature. Muscle
bulk and strength were relatively preserved in the legs but lower limb reflexes were pathologically brisk
and the plantar responses extensor. (B) Note the very similar pattern of wasting in a patient with
“progressive muscular atrophy” depicted in a 1888 text of Gowers.2
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The male to female ratio was strikingly dif-
ferent between the two groups, being 9:1 in
the flail arm group and 1.5:1 in the ALS
group (Student’s t test, p=0.0015). The mean
age of symptom onset was similar (flail arm
58 (SD 13) years and ALS 55 (SD12) years)
and there was no significant diVerence in the
duration of follow up (flail arm 24 (SD 17)
months and ALS 20 (SD 13) months,
p=0.17) or the proportion of familial cases
(both 9%).

Using Kaplan-Meier analysis, the median
survival in the flail arm group was 57 (95%CI
45–69; range 6–109) months, compared with
39 (95%CI 35–43; range 2–577) months in
the ALS group, but this did not reach signifi-
cance (log rank test, p=0.204). There was no
significant diVerence between the mean
survival of flail arm and limb onset ALS
groups. Using the Cox proportional hazards
model, the flail arm syndrome was not iden-
tified as an independent risk factor determin-
ing survival.

The features of this distinctive ALS variant
have not previously been characterised but it
was probably first described by Gowers in his
1888 text Diseases of the Nervous System. In
the chapter on the progressive muscular atro-
phies he noted that “when the arms are the
seat of (such) atrophy as has been described,
the legs, if not also wasted, may be normal,
but they are often paralysed without being
wasted“ suggesting a pyramidal lower limb
weakness.2 Indeed, the illustration of a patient
with primary muscular atrophy depicts the
typical appearance of the patient with flail
arm syndrome.

The predominant clinical feature of this
syndrome is the relatively symmetric and
proximal involvement of both arms, causing
severe wasting and functional disability, with
little or no weakness of the leg or bulbar mus-
culature. Signs of corticospinal tract involve-
ment are common in the legs and although
denervation may be present in other regions
this pattern of flail arms may persist for many
years. Despite a severe loss of motor neurons
in the cervical cord of patients with flail arm
syndrome the higher cervical segments inner-
vating the diaphragm seem to be spared early
in the course of the disease.

What is the relation between the flail arm
syndrome and other forms of ALS? The
demonstration of upper motor neuron signs
in most patients distinguishes this syndrome
from primary muscular atrophy although
there is probably an overlap. Our findings
suggest that in most instances the flail arm
syndrome represents a variant of classic ALS
and most patients fulfil the probable or defi-
nite ALS El Escorial categories.1 Although
our clinic based ALS population is selected
by referral it seems to be broadly representa-
tive judging by the demographic features
described in other clinic and population
samples.3 4

We, and others, have previously reported
the influence of genotype on ALS phenotype
with the apolipoprotein E å4 allele being
associated with a bulbar onset of disease.5 6 It
is interesting to note that whereas the
male:female ratio in most studies is around
1.5:1 for ALS overall, women predominate in
the late onset bulbar palsy group.3 4 The most
striking finding of our study is the predomi-
nance of males in the flail arm group with a
ratio of 9:1. It may be that factors linked to
male sex predispose a proportion of patients
to develop the flail arm phenotype. Curiously
a male preponderance is also described in
other lower motor neuron syndromes such as

multifocal motor neuronopathy and mono-
melic amyotrophy.7 8

We suspect that survival of patients with
flail arm syndrome might be better than those
with other forms of ALS as the median
survival in the flail arm group was 57 months,
compared with 39 months in the ALS group.
Although the diVerence was not significant,
our numbers are still small and larger studies
are needed. We conclude that the flail arm
syndrome is a distinctive clinical variant of
ALS that is strikingly more common in males
and may have a better prognosis.
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Multifocal cortical myoclonus and
cerebral amyloid â-peptide angiopathy

The commonest clinical presentations of the
sporadic cerebral amyloid angiopathies are
with either recurrent lobar haemorrhages or
with dementia.1 In addition, transient focal
neurological syndromes have occasionally
been reported in association with cerebral
amyloid angiopathies. These may represent
transient ischaemic events or possibly focal
seizures related to petechial intraparenchy-
mal haemorrhages which are not associated
with neuroimaging abnormalities; large
haemorrhages may follow the onset of
transient symptoms by weeks or months.2 3

We report on a patient with multifocal corti-
cal myoclonus who subsequently proved to
have amyloid â-peptide cerebral amyloid
angiopathy, an association not previously
described. We consider possible pathogenetic
interrelations of these findings.

A 65 year old woman presented with a 4
year history of involuntary movements. She
had been noted to have abnormal jerking
movements of her legs—for example, when
climbing the stairs— which, on occasion had
caused her to fall. Using an electric vacuum

cleaner or hearing the telephone ring had
been noted to trigger these involuntary
movements. There was no history of cogni-
tive impairment. Her medical history was
unremarkable aside from treated hypo-
thyroidism. Family history was positive for
sudden death, all three of her elder siblings
(one sister, two brothers) dying in their mid-
60s. One had previously had angina, the other
two had been healthy until the time of their
deaths, which were ascribed to a “heart
attack” and a “clot on the brain”, respectively.

Examination of the patient disclosed a pro-
nounced startle response, and action myo-
clonus in all limbs. There was no consistent
stimulus sensitivity of the jerks. Otherwise,
neurological examination was within normal
limits.

Investigations, which proved either normal
or negative, included standard tests of
haematological and biochemical indices, thy-
roid function tests, serum vitamin B12, red cell
folate, serum electrophoresis, quantitative
immunoglobulins, angiotensin converting en-
zyme (ACE) concentrations, autoantibodies
(including ANCA, anti-endomysial antibod-
ies, and anti-GAD antibodies), and anti-
neuronal antibodies (Hu, Purkinje). Blood
film was negative for acanthocytes. Analysis
of CSF showed a raised protein (0.82 g/l) but
normal glucose concentration, cytology, and
ACE; oligoclonal bands were not present. T2
weighted brain MRI showed a few small foci
of high signal in the periventricular white
matter, thought to represent age related small
vessel disease. Carotid angiography was nor-
mal. Small bowel biopsy showed a normal
mucosa with no evidence of coeliac disease.
Analysis of mitochondrial DNA for common
mutations (positions 3243, 3271, 8344, and
8356) proved negative. Psychometric assess-
ment showed the patient to have a verbal IQ
of 94, performance IQ of 95, indicative of
functioning in the lower half of the average
range but within the patient’s estimated aver-
age optimal level of ability. She was noted to
show signs of ineYciency and slowness,
particularly in word retrieval and frontal lobe
tasks, but there was no unequivocal evidence
of focal deficits.

Peripheral, cervical, and cortical somato-
sensory evoked potentials after electrical
stimulation of the median nerve at either
wrist were of normal latency and morphol-
ogy. However, although the amplitude of
peripheral and cervical potentials was nor-
mal, the cortical responses were abnormally
large, particularly from the right arm (22 µV;
left 15 µV). Hence, on clinical and neuro-
physiological grounds, a diagnosis of multifo-
cal cortical myoclonus of unknown cause was
made. The patient was treated with clon-
azepam (0.25 mg twice daily), with marked
symptomatic benefit at follow up.

Ten months after these investigations, the
patient presented to an ophthalmologist with
episodes of metamorphopsia for which no
ocular cause was found. A further 3 months
later she presented with a sudden onset of
right parietal headache associated with vom-
iting and left sided pyramidal signs. Brain CT
disclosed a large right sided parieto-occipital
intracerebral haematoma with mass eVect. At
surgical drainage of the haematoma, a small
piece of brain tissue was removed from the
right parieto-occipital region. Histological
examination showed small, irregular frag-
ments of cortical grey and minimal amounts
of white matter. The first included vessels,
some of which were in obvious continuity
with meningeal vessels. Most of them had

Letters, Book reviews, Correction 951

http://jnnp.bmj.com


thickened hyaline walls which stained with
Congo red, showing the characteristic apple
green birefringence under polarised illumina-
tion, and were positive with immunostaining
for âA4. This immunostaining also showed
diVuse plaques, a few containing cores most
of which could not be seen on routine stain-
ing. No abnormalities were seen in the white
matter. Silver impregnation (Bielschowsky)
and tau immunohistochemistry did not show
neurofibrillary tangles, neuritic plaques, or
cortical dystrophic neurites. According to the
criteria of the Boston Cerebral Amyloid
Angiopathy Group,3 the histological findings
and clinical data indicated a diagnosis of
“probable cerebral amyloid angiopathy with
supporting pathological evidence”. DNA was
screened by polymerase chain reaction ampli-
fication for the presence of mutations in the
amyloid precursor protein (APP) gene, which
are known to cosegregate with hereditary
cerebral haemorrhage with amyloidosis
Dutch type (HCHWA-D; codons 670/671 of
exon 16 and in codons 692, 693, 713, and
717 of exon 17). No mutation was found.

The patient underwent psychometric reas-
sessment 1 month after the intracerebral
haemorrhage and surgical drainage, from
which she had made a good physical recovery.
In keeping with the location of the haemor-
rhage, she was found to have significantly
impaired visual perceptual functions, with left
unilateral neglect, an inability to discriminate
shapes, and a severe deterioration in her per-
formance on the visual version of the
recognition memory test (verbal version
remained within the average range). Addi-
tionally, a mild degree of verbal intellectual
deterioration was noted (verbal IQ 83).

A wide variety of disorders may produce
cortical myoclonus: the diVerential diagnosis
includes anoxic injury, focal CNS damage
(vascular or neoplastic lesions of sensorimo-
tor cortex), encephalopathies (metabolic,
mitochondrial, viral, paraneoplastic, toxic),
degenerations (basal ganglia, spinocerebel-
lar), malabsorption syndromes (coeliac dis-
ease, Whipple’s disease), storage disorders,
and dementias (Creutzfeldt-Jakob disease).
Myoclonus may also be encountered in
Alzheimer’s disease, in which it is associated
with increasing severity of dementia. We are
not aware of previous reports of cortical
myoclonus as a clinical feature of sporadic
cerebral amyloid angiopathy. Although this
could be a chance concurrence, it is possible
that recurrent small intraparenchymal bleeds
from angiopathic vessels may have been
causal, as vascular lesions are a recognised
cause for cortical myoclonus. Another possi-
bility which may be worth considering relates
to the eVects of amyloid â-peptide (Aâ) and
its metabolic fragments on neuronal mem-
brane ion channels and their associated
currents.4 Because the pathophysiology of
cortical myoclonus is thought to reflect both
increased excitability and deficiency of in-
hibitory processes in the cortex,5 the eVects of
Aâ on a variety of ion currents, both
excitatory and inhibitory, might theoretically
produce such an imbalance and hence
contribute to the development of cortical
myoclonus.

Thanks are due to Mr W Harkness for performing
the cerebral biopsy; Dr Lisa Cipolotti and Professor
CD Frith for neuropsychological assessment; Pro-
fessor C Van Broeckhoven (Antwerp) for DNA
analysis; and Drs Peter Brown, Martin Rossor, and
Dafydd Thomas for constructive criticisms of the
manuscript.
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Antiganglioside antibodies in various
episodes in a patient with recurrent
Guillain-Barré syndrome

Guillain-Barré syndrome is defined as an
acute, monophasic polyneuropathy. It recurs
in 2%-5% of patients.1 Both the initial and
recurrent episodes are preceded by an infec-
tion. Antibodies against several gangliosides
are often present in the acute phase in serum
samples from patients with Guillain-Barré
syndrome.2 There have been no previous
reports, however, on anti-ganglioside antibod-
ies in patients with recurrent disease. We
report finding anti-ganglioside antibodies in a
patient with recurrent Guillain-Barré syn-
drome during the third and fourth episodes.

Ten days after a bout of upper respiratory
tract infection, a 26 year old man noted par-
aesthesias in his fingers and toes, and rapidly
developed limb weakness. He had bulbar
palsy and areflexic tetraparesis on day 1, and
underwent three sessions of plasmapheresis
on days 3, 4, and 5. Disability was maximal
on day 6. Bulbar weakness disappeared on
day 8, and he could walk without support on
day 14. He had had similar episodes of acute,
monophasic paralytic disease at the ages of 14
and 19. Six years later, he experienced a
fourth episode. Three days after an upper
respiratory tract infection, he rapidly devel-
oped dysarthria, digital paraesthesias, and leg
weakness. Neurological examination on day 2
showed bilateral external ophthalmoplegia,
facial diplegia, and areflexic tetraparesis. He
required mechanical ventilation from days 2
to 19, and underwent five sessions of
plasmapheresis on days 2, 3, 4, 6, and 9, then
intravenous immunoglobulin therapy from
days 11 to 15. His disability began to lessen
on day 11 and had disappeared by day 34.

An enzyme linked immunosorbent assay3

showed IgG antibody titres to GM1 (<500),
GM1b (128 000), GD1a (128 000),
GalNAc-GD1a (<500), GT1a (64 000),
GD1b (4000), and GQ1b (32 000) on day 3
during the third episode. No IgM anti-
ganglioside antibodies were detected. On day

113, during the recovery phase, the anti-
ganglioside IgG titres were <500. Serum on
day 3 of the fourth episode had IgG antibod-
ies titres to GM1 (<500), GM1b (256 000),
GD1a (128 000), GalNAc-GD1a (<500),
GT1a (64 000), GD1b (1:4000), and GQ1b
(1:64000). Thin layer chromatography with
immunostaining4 confirmed that the IgGs in
the acute, progressive phase of both attacks
reacted with the same gangliosides (data not
shown).

DiVerentiation between Guillain-Barré
syndrome and chronic inflammatory demy-
elinating polyneuropathy (CIDP) relies on
the time needed to reach maximum disability.
Our patient had four episodes of typical
Guillain-Barré syndrome, not of CIDP.
Neurological function in each episode
reached a nadir within 2 weeks of onset and
returned to normal within 5 weeks. The dis-
tinction between Guillain-Barré syndrome
and CIDP, however, is blurred in the early
onset phase in some patients. Protein concen-
trations in CSF in CIDP tend to remain
raised during remission and at the onset of
recurrence; whereas CSF protein concentra-
tions are normal within 1 week of the onset of
Guillain-Barré syndrome, which may provide
a way of distinguishing it from CIDP.1 Only
low anti-ganglioside antibody titres, which
were unlikely to have a role in the pathogen-
esis, were found in some patients with CIDP.3

The presence of high anti-ganglioside anti-
body titres at the onset of a recurrence may be
of use in confirming the diagnosis of
recurrent Guillain-Barré syndrome.

In recurrent Guillain-Barré syndrome, the
nature of the antecedent illness usually tends
to diVer from episode to episode.1 Our
patient, however, had similar upper respira-
tory symptoms before each onset of neuro-
logical symptoms. Antecedent agents such as
Campylobacter jejuni and cytomegalovirus
have ganglioside epitopes,4 5 and therefore
may produce the anti-ganglioside antibodies
in Guillain-Barré syndrome.
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Urinary retention associated with a
unilateral lesion in the dorsolateral
tegmentum of the rostral pons

The existence of a brainstem region con-
cerned with micturition has been known
since the report of Barrington more than 70
years ago.1 In animals such a pontine
micturition centre has been located in the
dorsolateral tegmentum of the rostral pons,
corresponding to Barrington’s micturition
centre,2 but such a centre has not been
precisely localised in humans. We describe a
patient with presumed rhombencephalitis
presenting with urinary retention and present
his MRI findings. To our knowledge, this is
the first MRI demonstration of a circum-
scribed lesion related to the putative pontine
micturition centre in humans.

A 30 year old man with no history of void-
ing problems developed high fever, light
headedness, frequent urination, and voiding
diYculty. One day after onset, urinary reten-
tion occurred despite his sensation of needing
to void. Two days later, in addition to urinary
retention, the patient also had left cheiro-oral
dysaesthesia and horizontal diplopia.Prostate
examination did not show abnormalities.
Urinary retention was managed with an ind-
welling catheter until 7 days after onset of his
symptoms. The patient did not have a history
of overdistension of the urinary bladder. Even
though all his symptoms began to improve,
the patient was referred to our hospital for an
evaluation of neurological abnormalities.

Examination 9 days after onset showed
mild right horizontal gaze paresis with intact
vestibulo-ocular reflex, ipsilateral saccadic
pursuit, and hypaesthesia around the left
mouth angle and thumb and index finger,
suggesting involvement of the right pontine
tegmentum. Indeed, in addition to scattered
amorphous lesions in the pons and cerebel-
lum, brain MRI (1.5 tesla) showed a discrete
lesion in the right upper pontine tegmentum

(figure). An MRI of the spinal cord disclosed
no abnormal intensity areas. Lumbar punc-
ture yielded CSF with normal cell counts
(3/µl) and mildly increased protein (52
mg/dl). Neither oligoclonal bands nor myelin
basic protein were present in the CSF;
intrathecal IgG synthesis was within the nor-
mal range. Serum autoantibody and viral
antibody tests did not contribute to diagno-
sis. A CO2 cystometry with sphincter EMG 3
weeks after onset showed increased bladder
volume over 555 ml and atonic cystometro-
gram (detrusor areflexia), despite the absence
of subjective urinary symptoms. Organic
obstructive urological disease was radiologi-
cally excluded. All neurological and MRI
abnormalities cleared by 1 month after onset.
One year follow up showed no recurrence of
the neurological symptoms.

Based on neurological findings, the patient
was thought to have incomplete involvement
of the right paramedian pontine reticular for-
mation, smooth pursuit pathway, and medial
lemniscus, suggestive of a right pontine
tegmental lesion. The association of acute
and reversible urinary retention was consist-
ent with a lesion in the rostral portion of the
pontine tegmentum.3 Indeed, the MRI with a
special focus on the rostral brainstem sub-
stantiated our neurological assessment and
showed a discrete lesion in the right dorsola-
teral portion of the upper pontine tegmen-
tum. Other less distinctive lesions in the pons
and cerebellum were seen on MRI, but no
relevant neurological abnormalities were de-
tected. Simultaneous involvement of the spi-
nal cord was excluded by neurological and
radiological examinations. Although the pa-
tient was considered to have possible
rhombencephalitis, the question of whether it
was caused by a direct virus invasion or
parainfectious demyelination remains un-
clear.

In humans, an association between mictu-
rition disturbances and brainstem involve-

ment has been suspected on pathological and
radiological bases.3 4 Early in 1926, Holman4

documented a relation between micturition
disturbance and posterior fossa tumours.
Later, a pathological study of brain tumours
disclosed a high frequency (63%; 50/79) of
voiding diYculties and urinary retention with
pontine and fourth ventricle tumours.3 Histo-
logical abnormalities were concentrated in
the tegmentum of the rostral pons in all such
patients.3 The locus coeruleus and adjacent
neural tissue were more often involved than
other nuclei or regions of the pons.3 However,
because of the extensive involvement of these
tumours, no localised lesions were noted.3

One recent study with MRI on brainstem
stroke disclosed similar results.5 Despite
numerous reports on the association between
multiple sclerosis and micturition distur-
bances, MRI studies to date have not deline-
ated brainstem lesions specific to the im-
paired micturition.

In experimental studies, by contrast, Bar-
rington had suggested that in the cat the mic-
turition region was located in the dorsal part
of the pontine tegmentum.1 Recent investiga-
tors have reported that it can be located more
precisely, in the nucleus locus coeruleus,
locus coeruleus alpha, or the dorsomedial
part of the dorsolateral pontine tegmentum.2

Neurons in the pontine micturition centre
may activate the parasympathetic excitatory
outflow to the urinary bladder (detrusor),
while there also exists a pontine storage cen-
tre ventral or lateral to the pontine micturi-
tion centre that controls external urethral
sphincter function.2 Because our patient had
atonic bladder and urinary retention, the
pontine micturition centre may have been the
main site of brain involvement. Atonic
bladder may reflect a “shock” state, as has
been documented in some stroke patients.
However, Sakakibara et al5 described three
patients with atonic cystometrogram 3
months, 6 months, and 3 years after brain-

Brain MRI of the patient. (A) Axial view (2500/103; repetition time/echo time). (B) Sagittal view (2350/103). (C) Coronal view (2920/90). T2
weighted images show a hyperintense focus in the right dorsolateral tegmentum of the rostral pons, just dorsal to the internal edge of the superior cerebellar
peduncle including the pontine reticular nucleus, medial parabrachial nucleus, and locus coeruleus. Arrows indicate amorphous lesions in the pons (C). A
similar amorphous lesion in the midbrain tegmentum was not confirmed by the axial and sagittal views and is most likely influenced by the cerebral
aqueduct (C).
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stem stroke, suggesting a prolonged atonic
curve as a supranuclear type of parasympa-
thetic pelvic nerve dysfunction.

GriYths et al reported bilateral lesions of
the pontine micturition centre leading to a
period of urinary retention lasting from 2 to 9
weeks, whereas lesions located on only one
side had no obvious specific eVect on lower
urinary tract function.2 This may be ac-
counted for by bilateral innervation of the
spinal parasympathetic nucleus by the pon-
tine micturition centre.2 However, histology
verified that only 15% of the right pontine
micturition centre was destroyed.2 A recent
PET imaging study disclosed that cortical
and pontine micturition sites in humans are
predominantly on the right side.6 It is
therefore possible that extensive involvement
of a unilateral pontine micturition centre,
especially the right side, may cause transient
urinary retention as found in our patient.
Another possibility is that the amorphous
lesions in the pons could have interrupted
outflow pathways from the opposite pontine
micturition centre.
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Splicing of the glutamate transporter
EAAT2: a candidate gene of
amyotrophic lateral sclerosis

Defective glutamatergic neurotransmission
may have a critical role in the pathogenesis of
amyotrophic lateral sclerosis (ALS). A re-
duced synaptic glutamate reuptake has been
found in the motor cortex and spinal cord of
patients with sporadic ALS.1 More recently, a
selective loss of the glial glutamate trans-
porter protein EAAT2 has been described.2

Most recently aberrant splicing of the
EAAT2 transcript was reported to be the
cause for a reduced expression of the EAAT2
protein.3 Several novel EAAT2 transcripts
were cloned from patients with ALS and
described as disease specific. In vitro expres-
sion studies suggested that proteins trans-
lated from these transcripts were rapidly
degraded and show a dominant negative
eVect on normal EAAT2 protein which
appears to be the predominat glutamate
transporter in the CNS.3 A loss of EAAT2

can lead to neuronal degeneration through
abnormal accumulation of the potential neu-
rotoxin glutamate and excitotoxic mecha-
nisms. This pathogenetic concept was sup-
ported by the clinical eYcacy of
antiglutamatergic drugs in patients with ALS
and transgenic models. One of the reported
transcripts was characterised by the skipping
of the protein coding exon 8 of the EAAT2
gene. This transcript was amplified by
polymerase chain reaction from ALS-CSF
and suggested as a diagnostic tool in ALS.3

Interestingly, this transcript is identical to an
alternative splicing product of the EAAT2
transcript which we have recently reported
and named EAAT2/C1. This and another
splice product, named EAAT2/C2, have been
cloned from normal human brain RNA.4

Here we report the cloning of two further
EAAT2 transcripts, named EAAT2/C3 and
EAAT2/C4. Based on the EAAT2 sequence
information we designed specific primers for
reverse transcription (RT) of the EAAT2-
mRNA using control human brain poly-A+
RNA as template (Clontech, Palo Alto). RT
and PCR amplification were performed as
described before (RT primer: 5'
CAGTTACCATAG-GATACGCTGG; PCR
primers: 5' GATAGTTGCTGAAGAG-
GAGGGG; 5' CATATC-CTTATTT CT-
CACGTTTCC).4 PCR cloning and DNA
sequencing disclosed two novel EAAT2 tran-
scripts which resulted from splicing of protein
coding sequences. EAAT2/C3 orginated
from a deletion of 234 nucleotides (891–
1124; GenBank UO3505) corresponding to
exon 6 of the EAAT2 gene which is coding for
78 amino acids in the central part of the
putative EAAT2 polypeptide (figure).5 The
EAAT2/C4 transcript was characterised by
the deletion of 702 nucleotides ranging from
position 992 to 1693 (GenBank U03505).
The splicing occurred at internal 5'- and
3'-splice sites which showed an uncomplete
consensus sequence. EAAT2/C4 resulted
from deletion of exons seven to nine and
parts of exons six and 10 (figure) with the
downstream sequence still in frame.5 At the
putative protein level EAAT2/C4 showed a
loss of 234 amino acids located in the middle
and C-terminal part of the polypeptide.

Our findings contribute to the notion that
the EAAT2 transcript is highly variable.
Splicing of the EAAT2 transcript is also
found under normal conditions and may be
part of post-transcriptional EAAT2 gene
regulation. Furthermore, alternative EAAT2
transcripts were identified in other species.
We conclude that splicing of the EAAT2
transcript is unlikely to be ALS specific. The

EAAT2 gene regulation and its pathogenetic
relevance are far from completely under-
stood. The use of EAAT2 splicing products
as diagnostic tools in ALS would be ex-
tremely valuable, but further evidence is nec-
essary before concluding that these splice
variants are specifically associated with ALS.
However, the evolving knowledge on EAAT2
gene regulation will provide the basis for a
comprehensive association study of EAAT2
splicing products in ALS and other neurode-
generative diseases.
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Lhermitte’s sign in cavernous angioma
of the cervical spinal cord

The sudden feeling of “painless but unpleas-
ant electric shock-like discharges” originating
in the neck or upper back and spreading
down the spine into the limbs on flexion of
the head was first described in 1917 by Marie
and Chatelin and later by Lhermitte in his
seminal paper of 1924.1 It is not a specific
symptom but is most commonly encountered
in cervical spinal cord demyelination caused
by multiple sclerosis.2 3 The sign has been
found in many other conditions that cause a
traumatic or compressive cervical myelopa-

Schematic presentation of alternative splicing in EAAT2 and its relation to the protein coding exons
of the human EAAT2 gene.5 Alternatively spliced exon sequences are shown in grey. Exon and intron
lengths are not to scale. CDS=coding sequence.
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thy, such as cervical spondylosis and epidural,
subdural, and intraparenchymatous tumours.
It has also been reported infrequently in
radiation myelitis, pernicious anaemia (suba-
cute combined degeneration), pyridoxine
toxicity, nitrous oxide misuse, cisplatin and
docetaxel neuropathies, cervical herpes zoster
myelitis, paroxetine withdrawal, Behçet’s dis-
ease, and systemic lupus erythematosus. Vas-
cular disease of the cervical spine or intraspi-
nal cord has never been noted to produce
Lhermitte’s sign.

A 48 year old left handed man presented
with a history of a “burst, very brief electrical
tingling” in the left forearm, hand, and lower
leg for almost 2 years. The symptom occurred
only on flexion of the neck and abated even
when the neck was kept flexed. No other neck
movements caused this symptom. A year
later, the patient noted mild dysaesthesia in
the left arm and leg. A sagittal heavily T2
weighted fast spin echo MR image of the cer-
vical spine showed a small ovoid area of T2
hyperintensity within the posterior cervical
spinal cord at the cervical 3–4 level with
minimal mass eVect. Subtle low signal inten-
sity about its rim suggested hemosiderin
deposition (figure). A few weeks later, after
raking his yard, the patient experienced acute

neck pain. A day later, he noticed diminished
coordination of the left arm and leg. A sagit-
tal T2 weighted fast spin echo MRI of the
cervical spine obtained a few days later
showed an extensive intramedullary low
signal intensity area in the midposterior
spinal cord compatible with interval haemor-
rhage, spinal cord expansion, and oedema.
Results of spinal angiography were normal.
The pain resolved in 10 days, and only mild
numbness in the left hand and to lesser
degree in the foot persisted. At operation, the
lesion was found to be a cavernous angioma.
After resection of the malformation, sensory
deficits in the left hand and foot worsened,
and discomfort with an unpleasant sensation
of swelling developed in the hand. For 1
month after the operation, the patient also
complained of spontaneous “electrical
bursts” in the right arm and both legs.
Neurological examination 6 months after the
operation disclosed mild weakness of the left
arm and hand with diminished stretch
reflexes and equivocal plantar response in the
left foot. Abnormalities elicited in the sensory
examination were decreased pain sensation in
the left hand, mild attenuation of two point
discrimination, and dysgraphaesthesia in the
left fingertips. Mild sensory ataxia on finger
to nose testing and mild pseudoathetotic
movements of the left hand were also noted.

Lhermitte’s sign is a common symptom in
neurological practice. However, the patho-
physiology of the sign is not well known.
Because flexion of the neck causes the
dysaesthetic symptoms, it has been suggested
that an increased mechanical sensitivity of
these damaged myelinated axons causes an
abnormal origin or transmission of sensory
information. In the cat model, deformation of
experimentally demyelinated dorsal columns
by <1 mm increased the frequency of action
potentials in both spontaneously active and
previously silent fibres.4 Routine flexion of
the neck can lengthen and deform the cervi-
cal cord slightly and provide synchronisation
of a volley of aberrant activity in damaged
dorsal column myelinated axons. Nordin et
al5 reported activation of multiple units in the
neurogram of the median nerve, presumably
arising from activated sensory fibres in the
dorsal columns of a patient with Lhermitte’s
sign on flexion of the neck. As expected, mul-
tiple sclerosis is the most common cause of
Lhermitte’s sign, occurring in about one third
of patients.2 The sign, however, is not specific
and may be present in other clinical condi-
tions that compress or damage myelinated
sensory axons of the dorsal columns of the
cervical cord. Occasionally, Lhermitte’s sign
is the presenting complaint of the underlying
medical cause.

To our knowledge, this is the first reported
case of Lhermitte’s sign caused by a vascular
disease in the cervical spinal cord. It was, in
fact, the presenting symptom in our patient.
The pathological findings confirmed the
MRI diagnosis as a cavernous angioma. It is
probable that the underlying lesion acted by
producing compression or ischaemia on the
dorsal columns of the cervical spinal cord.
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Autosomal dominant paroxysmal
kinesigenic choreoathetosis: a clinical
and genetic study of two families

Paroxysmal kinesigenic choreoathetosis
(PKC), characterised by brief attacks of
abnormal involuntary movements induced by
sudden voluntary movements, is either idio-
pathic (familial or sporadic) or symptomatic.
A total of about 20 families with PKC have
been reported, with autosomal dominant
inheritance in most of them. No genetic study
has been reported in familial PKC up to now.

We report two unrelated families with
autosomal dominant PKC, in which we
performed linkage analyses with loci involved
in other paroxysmal movement disorders: (1)
the locus for paroxysmal dystonic chore-
oathetosis (PDC), also known as paroxysmal
nonkinesigenic dyskinesia, on chromosome
2q33–35,1 (2) the locus for AD paroxysmal
choreoathetosis/spasticity (CSE), classified as
“complicated” PDC, on chromosome 1p,2

and (3) the locus for episodic ataxia/
myokymia (EA-1) on chromosome 12p13.3

Family A was Portuguese and family B was
French. They contained a total of 10 affected
and nine unaVected family members, who
were all interviewed and examined by the
same physician. There was no family history
of epilepsy. In one family, three of the five
aVected members also had migraine with
visual aura. Except for one patient, who had
had a parkinsonian resting tremor since the
age of 52, neurological examination was nor-
mal. The phenotypes of the 10 patients were
very homogeneous. Age at onset of PKC
attacks ranged from 1.5 to 13 years (median
6.5 years). Attacks occurred five to 20 times
daily in nine patients and once a year in the
other. Attacks were always triggered by a
sudden movement of a lower limb (rising
from a sitting position, running) that often
occurred in response to an unexpected
stimulus after sustained immobility. Embar-
rassment and stress were precipitating fac-
tors. In a few patients, fatigue, cold, or men-
struation also favoured attacks. The latency
between the triggering factor and dyskinesia
was 0–2 seconds. Dyskinesias were usually
preceded by a short aura (paraesthesias, n=4;
muscular tension, n=5) in the aVected hemi-
body. Duration of attacks was 3 to 40
seconds. Involuntary movements involved
one side of the body, but sometimes extended
rapidly to the whole body, with preservation
of consciousness. During attacks, the inten-
sity of the dyskinesias increased and de-
creased progressively. In addition to frequent
dysarthria (n=7) related to orofacial dyski-
nesia, breathing problems (n=1) and falls
(n=5) sometimes occurred during violent

Sagittal T2 weighted MRI (TR 3800/TE 96
ms) of the cervical spine shows a small ovoid
area of T2 hyperintensity within the posterior
cervical spinal cord at the cervical 3–4 level
with minimal mass eVect. Subtle low signal
intensity about its rim suggests haemosiderin
deposition.
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attacks. One patient wore a helmet during
early childhood because of frequent falls.
Four out of 10 patients were treated with very
low doses of carbamazepine (50–200 mg/
day), which completely suppressed the at-
tacks . In six patients who were not treated,
however, the frequency of the attacks de-
creased progressively with age, usually be-
tween the ages of 18 and 30, and completely
disappeared in five of them between the ages
of 11 and 37. Three attacks (lasting 5–20
seconds) were recorded by video-EEG in one
patient after carbamazepine withdrawal. No
EEG abnormalities were found. Neuroimag-
ing, performed in only four patients (two
brain CT and two MRI), was normal.

Because of clinical similarities between
PKC and some other paroxysmal movement
disorders, we hypothesised that PKC may be
allelic to them. Indeed, PDC is also charac-
terised by attacks of mixed involuntary move-
ments (dystonic, and often choreoathetotic),
that typically begin as hemidystonia but pro-
gressively aVect all limbs, trunk, and neck
muscles, as well as speech, with preservation
of consciousness. Attacks are often preceded
by an aura and their frequency decreases with
age. However, by contrast with PKC, PDC
attacks occur at rest, are precipitated by
caVeine and alcohol, not by sudden move-
ments, and last for minutes to hours. In CSE,
attacks are similar to those in PDC, except
that physical exercise is a precipitating factor,
and that some patients exhibit constant spas-
tic paraplegia.2 Finally, although EA-1 con-
sists of continuous myokymia and attacks of
generalised ataxia, often prevented by aceta-
zolamide, some features are shared with
PKC—namely, the frequent kinesigenic ori-
gin of the attacks, the presence of a sensory
aura, the short duration of the attacks (several
seconds to 5 minutes), and the early onset.4

Moreover, an EA-1 family in which attacks of
kinesigenic episodic ataxia and PKC oc-
curred separately in some members, and
jointly in one, has been reported.4

After isolation of DNA from peripheral
blood, a series of microsatellite markers were
typed on: (1) chromosome 2q (D2S164)-
2cM-D2S173–2cM-D2S163–2cM-D2S377–
1cM-D2S126 (the PDC locus is contained in
a 7 cM region flanked by D2S164 and
D2S126)1; (2) chromosome 1p, with D1S197
(the CSE locus is situated in the 2 cM interval
between D1S443 and D1S197)2; (3) chromo-
some 12p, with the 2 markers (D12S372)-
4cM-D12S99–1cM-(D12S93)-7cM-D12S77
(the EA-1 locus maps to the 5 cM interval
between D12S372 and D12S93).3 Inheritance
of PKC was dominant in both families, with
two male to male transmissions in one family,

excluding X linked and mitochondrial trans-
mission. There were no asymptomatic obligate
gene carriers, suggesting complete penetrance.
We assumed autosomal dominant inheritance
with a gene frequency of 0.0002 and complete
clinical penetrance by the age of 17 years.
Allele frequencies for a white population were
determined according to the genome data-
base. Two point and multipoint lod scores
were calculated using the MLINK program of
the Fastlink package.5

Results of the two point linkage analysis in
both families are shown in the table. All
markers tested generated negative lod scores
at è=0.00 except for marker D2S377 in fam-
ily B. Lod scores below the threshold of −2
were obtained for all candidate regions except
for the PDC locus in family B. Multipoint
linkage analyses excluded the following inter-
vals including candidate loci in families A and
B respectively: 26.5 and 25 cM on chromo-
some 2q including the PDC locus; 26.5 and
30 cM on chromosome 12p, including the
interval containing the voltage dependent
potassium channel (KCNA1) gene responsi-
ble for EA-1. In conclusion, despite some
clinical similarities, AD PKC is genetically
distinct from both forms of PDC and from
EA-1.
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Granulomatous angiitis of the CNS
causing spontaneous intracerebral
haemorrhage: the importance of
leptomeningeal biopsy

Granulomatous angiitis (GANS) of the CNS
is a rare, idiopathic vasculitis confined largely
to the small blood vessels of the CNS. It has
also been referred to as “isolated”,1 “pri-
mary”, and “idiopathic”2 angiitis of the nerv-
ous system. Clinical manifestations are usu-
ally the result of multifocal ischaemia and
infarction and patients with GANS typically
present with a chronic and relapsing but ulti-
mately progressive encephalopathy, charac-
terised by cognitive impairment and multifo-
cal deficits. Less commonly, haemorrhage
can occur as a result of infarction, focal
necrosis of a vessel wall, or aneurysm rupture
and the presentation may therefore be prima-
rily neurosurgical.3 4 It is important to recog-
nise this condition because long term clinical
remission is possible with immunotherapy. In
this letter we present a case which serves as a
reminder to neurosurgeons to include GANS
in the diVerential diagnosis of spontaneous
intracerebral haemorrhage and emphasises
the importance of leptomeningeal biopsy.

A forty six year old woman was admitted to
our unit with a 24 hour history of confusion,
vomiting, dysphasia, and a generalised sei-
zure. The patient also had a 30 month history
of deteriorating work performance and had
had episodes of nausea, vertigo, and head-
ache lasting 1 to 2 days. After one of these
episodes she was investigated by one of us
(SM). Neurological examination and a CT
were normal. Diagnoses of migraine and
Ménière’s disease were considered. Four
months before admission, she had experi-
enced transient mild dysphasia and left hemi-
anaesthesia.

On admission to our unit, she was drowsy
but opened her eyes to voice and obeyed sim-
ple commands. She had a left retinal haemor-
rhage and an expressive dysphasia. She was
afebrile, there was no meningism, and general
examination was normal. Brain CT showed
an extensive area of low density involving
both grey and white matter of the left frontal
lobe, with three separate areas of intraparen-
chymal haemorrhage and mild mass eVect.
She was started on dexamethasone, pheny-
toin, and acyclovir and arrangements were
made for MRI and MR angiography to be
performed the following day.

An improvement was noted overnight, but
the next day her clinical condition deterio-
rated. Urgent CT was performed and this
showed further haemorrhage into the left
frontal lobe with appreciable midline shift
(figure). Immediately after the scan her left
pupil became fixed and dilated. An urgent left
frontal lobectomy was performed.

Pairwise linkage analyses with markers from candidate regions on chromosomes 1p, 2q33-35, and
12p13 in two PKC families

Marker Family

Lod score at è =

0.00 0.01 0.05 0.10 0.20 0.30 0.40

D1S197 A −∞ −2.51 −1.16 −0.63 −0.18 −0.01 0.04
B −∞ −6.50 −3.72 −2.54 −1.39 −0.74 −0.31

D2S173 A −∞ −4.50 −2.44 −1.59 −0.79 −0.37 −0.13
B −∞ −0.81 −0.18 0.03 0.14 0.13 0.08

D2S163 A −∞ −4.50 −2.44 −1.59 −0.79 −0.37 −0.13
B −∞ −1.11 −0.44 −0.19 0.01 0.07 0.06

D2S377 A −∞ −4.50 −2.44 −1.59 −0.79 −0.37 −0.13
B 0.30 0.29 0.26 0.21 0.13 0.06 0.02

D2S126 A −∞ −4.50 −2.44 −1.59 −0.79 −0.37 −0.13
B −∞ −2.81 −1.46 −0.93 −0.46 −0.23 −0.1

D12S77 A −∞ −4.50 −2.44 −1.59 −0.79 −0.37 −0.13
B −∞ −4.80 −2.72 −1.84 −0.99 −0.52 −0.21

D12S99 A −∞ −2.51 −1.16 −0.63 −0.18 −0.01 0.04
B −∞ −6.50 −3.72 −2.54 −1.39 −0.74 −0.31
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Macroscopically the left frontal lobe was
swollen, with multiple small areas of haemor-
rhage in the cortex and white matter, and
thrombosis of superficial cortical veins. His-
tological examination disclosed a coexistant
pattern of granulomatous and necrotising
non-granulomatous vasculitis aVecting the
small leptomeningeal and intracerebral blood
vessels. Occasional leptomeningeal vessels
were occluded by thrombus.The granuloma-
tous lesions featured an infiltrate of lym-
phocytes and histocytes within blood vessel
walls. The vascular intima was variably thick-
ened by a fibrocellular proliferation and small
numbers of Langhans and foreign body type
giant cells were scattered individually within
the media of some vessels.The leptomeninges
contained a dense infiltrate of mononuclear
inflammatory cells. The cerebral tissues were
oedematous with extensive extravasation of
erythrocytes and diVuse hypoxic neuronal
changes but there was no evidence of a
discrete area of infarction. Special stains for
organisms (zinc, gram, PAS, PAS-D, Giemsa
and GMS) were negative. Viral inclusions
were not seen.

Haematological investigation disclosed a
mild neutrophil leucocytosis, but haemo-
globin, platelet count, and erythrocyte sedi-
mentation rate were all in the normal range as
were serological investigations including C
reactive protein, complement assays, antinu-
clear antibodies, double and single stranded
DNA antibodies, and rheumatoid antibodies.

The patient was treated intensively with a
combination of oral cyclophosphamide and
intravenous methyl prednisolone for one
week followed by oral cyclophosphamide and
prednisone. Treatment was complicated by
haemorrhagic cystitis (for which oral cyclo-
phosphamide was changed to pulsed intra-
venous cyclophosphamide), and organic psy-
chosis. At 2 years the patient is clinically
stable. Immunotherapy is being gradually
reduced. She has a fixed frontal lobe deficit
consisting of impulsivity, a loss of control of
emotions, reduced verbal fluency, and im-
paired insight. Serial CT and MRI show only
postsurgical change in the left frontal lobe.

The importance of this case is firstly that it
draws attention to the protean manifestations
of this rare but treatable condition. Other
reported presentations include recurrent in-
tracerebral haemorrhage, radiculomyelopa-
thy, cerebral and spinal aneurysms, subarach-
noid haemorrhage, seizures, and mass
lesions.1 2 5

Secondly, this case emphasises the fact that
the disease mostly aVects small vessels of the
leptomeninges. Neurosurgeons are most
likely to encounter this disease in the setting
of a request by their neurology colleagues for
a diagnostic brain biopsy. Moore suggested
that the ideal biopsy in these patients is a 1
cm wedge of cortex including leptomeninges
and preferably containing a cortical vessel.1

Our patient ultimately required urgent
decompressive frontal lobectomy. The diag-
nosis of GANS was not suspected preopera-
tively and the inclusion of leptomeninges in
the surgical specimen was fortuitous. We
would advise others undertaking the evacua-
tion of an intracerebral haematoma of uncer-
tain aetiology to obtain a leptomeningeal
biopsy at the same time, particularly when
there is a background of neurological symp-
toms.

Other investigations may not be helpful.
Brain CT and MRI are abnormal in 30%-
65% and 75%-100% of cases respectively
and may show a wide variety of lesions. Angi-
ographic abnormalities are present in 50%-
90% of cases but are not specific for GANS.
The CSF may be normal.1 2 It is essential to
diVerentiate GANS, from the many second-
ary causes of cerebral vasculitis such as giant
cell arteritis. The presence of markers of sys-
temic, inflammatory, or autoimmune disease
should suggest an alternative diagnosis.

Because GANS is rare, our knowledge of
its natural history and optimum management
is incomplete. Early reported cases of GANS
were invariably fatal5 but immunotherapy has
now been shown to improve symptoms and
result in sustained remission in some cases.
The results with corticosteroids alone have
been disappointing and the combination of
prednisone with cyclophosphamide is the
mainstay of treatment.1 3 5
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Intravesical atropine suppression of
detrusor hyperreflexia in multiple
sclerosis

Multiple sclerosis commonly causes urinary
frequency, urgency, and urge incontinence
resulting from detrusor hyperreflexia. This

might be associated with voiding diYculties
due to detrusor sphincter dyssynergia. These
symptoms can be treated eVectively with
antimuscarinic drugs (principally oxybu-
tynin) and clean intermittent catheterisation,
but the antimuscarinic side eVects limit clini-
cal usefulness. Typically these are dry mouth
and blurred vision, but include constipation,
reflux oesophagitis, and flushing.

Oxybutynin, formulated for intravesical
administration, has been reported to be
eVective for suppressing detrusor hyper-
reflexia with low incidence of side eVects in
various neuropathic disorders.1 2 However,
this preparation is not widely available.

Atropine is a cheaper, easily obtainable,
antimuscarinic drug. Administered intravesi-
cally it has been shown to be eVective in
increasing bladder capacities without side
eVects in patients with spinal cord injury.3

However, the only study was small and
uncontrolled. Whereas the pathologies of
multiple sclerosis and spinal cord injury are
diVerent, the bladder impairments are simi-
lar. This study was designed to investigate the
eYcacy of intravesical atropine in increasing
bladder capacities in patients with multiple
sclerosis with detrusor hyperreflexia.

The study received ethics committee ap-
proval. Written informed consent was ob-
tained from each patient.

Patients with a definite diagnoses of multi-
ple sclerosis and urodynamically demon-
strated detrusor hyperreflexia were recruited
into the study. Each was taking oral antimus-
carinic medication and using clean intermit-
tent catheterisation. A sample size calculation
based on previous data3 identified a target
recruitment of 15 patients to achieve a
significance level of 0.05 with a power of 0.80
using a crossover study design. Eighteen
patients were contacted, of whom 16 con-
sented and 15 completed the study.

Antimuscarinic drugs were stopped 2 days
before cystometric testing. Patients attended
on two occasions. They were allocated 30 ml
of either atropine (6 mg) in normal saline or
normal saline only (as placebo). This was
done according to random code with both
patient and investigator blinded. An inde-
pendent nurse prepared the solutions.

Standard static saline fill cystometry with a
filling rate of 50 ml/min was performed
before and 2 hours after intravesical instilla-
tion of the test preparations. As this was a first
randomised study of a single dose of
intravesical drug the outcome measure used
was cystometric bladder capacity and not
urgency or episodes of urge incontinence. A
single prophylactic dose of ciprofloxacin (250
mg) was administered orally on each occa-
sion. At the beginning and end of each cysto-
metric study the patient’s heart rate and
blood pressure were measured. All patients
were questioned about known antimuscarinic
side eVects. Blood samples were collected for
atropine assays 2 hours after instillation of the
test solutions.

Urodynamic data were not normally dis-
tributed, therefore non-parametric analysis
techniques were used. When comparisons
between the diVerence in change in cystomet-
ric bladder capacities were made a Wilcoxon
sign ranked test was used quoting the 95%
Wilcoxon confidence interval.

The study group consisted of 15 patients
(six men and nine women) with a median age
of 51 years (range 39–73 years). All patients
retained their test solutions after each instilla-
tion. The results are shown in table 1. After
atropine the bladder volumes increased by a

Brain CT after clinical deterioration. There is
extensive patchy haemorrhage into the left
frontal lobe with marked mass eVect.
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median value of 93 ml (95% confidence
interval 45.0–170 (p=0.001)). After saline
the cystometric bladder capacity did not
change significantly.

No significant changes were found in blood
pressures or pulse rates. No side eVects were
reported by any patient. Atropine was not
detected in blood samples 2 hours after intra-
vesical instillation (limit of detection 0.05
mg/l).

This early study provides evidence in
favour of the eYcacy of intravesical atropine
in increasing the cystometric bladder capacity
in patients with multiple sclerosis. Cystomet-
ric bladder capacity was chosen as an
outcome measure because it has been shown
to be sensitive to the influence of orally
administered antimuscarinic drugs used for
the treatment of detrusor hyperreflexia in
multiple sclerosis.4 It is therefore likely that
urgency and urge incontinence will be
improved with the administration of intra-
vesical atropine. However, this will require
testing in a randomised controlled therapeu-
tic trial.

The patients did not identify any side
eVects during the 2 hours after the adminis-
tration of the atropine. It has been shown that
orally administered oxybutynin will induce
antimuscarinic side eVects in a similar
period.5

The absence of measurable drug in the
blood at the time of the clinical eVect is
encouraging. The results show promise and if
clinical eYcacy were demonstrated this ap-
proach would be a useful addition to the
therapeutic options for urinary incontinence
in multiple sclerosis.

The study was funded by the MS trust fund of the
Central Middlesex Hospital London. We thank
Professor Stephen Senn of the Department of Epi-
demiology and Public Health at University College
London for statistical advice.
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Prothrombotic mutations and ischaemic
stroke at a young age in two sisters

We examined two sisters who had an ischae-
mic stroke at 32 and 41 years respectively.
One had the prothrombin 20210 G to A
variant1 and mild hyperhomocysteinaemia.
The other had two prothrombotic mutations:
the factor V Leiden mutation2 and the
prothrombin 20210 G to A variant.1 We
argue that these abnormalities may have
caused the strokes.

Patient III-36 (pedigree, figure) was admit-
ted at the age of 41 years with a left sided
paresis. Her medical history was unremark-
able, including the absence of migraine.
Neurological examination showed a mild left
sided paresis. Blood pressure was normal.
She had no livedo reticularis. Brain CT
showed a right sided cerebral infarct. Cardio-
logical investigation, carotid angiography,
and laboratory testing were normal, includ-
ing investigation of antiphospholipid antibod-
ies, lipid profile, fasting and post-methionine
loading homocysteine concentrations, anti-
thrombin III, protein C, and protein S. The
patient was treated with aspirin and did not
have arterial ischaemic disease (or venous
thrombosis) until now. Resistance to acti-
vated protein C (APC) was measured as
described2 and the n-APC-SR was 0.66 (nor-
mal>0.84). As expected from this value, the
patient was found to be a carrier of the factor
V Leiden mutation.2 Subsequently, she was
also shown to be a carrier of the prothrombin
20210 G to A variant1.

Patient III-37 was admitted at the age of
33 years because of an acute left sided pare-
sis. One year before, she had experienced a
transient weakness of the right leg. Other-
wise, her medical history was unremarkable
(no migraine). She smoked 20 cigarettes a
day, did not drink alcohol, and did not take
oral contraceptives. She had a left facial
palsy, hemianopia, and hemiparesis. Blood
pressure was normal. She had no livedo
reticularis. Brain CT showed an old left
frontoparietal infarct and a recent right fron-
toparietal infarct. Laboratory investigation,
including lipid profile, protein C, protein S,
and antithrombin III, cardiological investiga-
tion, and carotid angiography were normal.
Fasting homocysteine concentration was
raised (28.2 µmol/l), without abnormal post-
methionine loading concentration. She was
treated with aspirin, folate, and pyridoxin
and did not have arterial or venous thrombo-
sis until now. APC resistance was normal
(n-APC-SR of 1.09), and the factor V
Leiden mutation was not present. She was a

carrier of the prothrombin 20210 G to A
variant.

After informed consent, we prospectively
investigated the family members of the
probands. DNA testing was not performed in
all family members (see pedigree). Medical
history of all family members was unremark-
able (no ischaemic heart disease, stroke,
migraine, or deep venous thrombosis), except
for III-39 who had mental retardation,
epilepsy, and blindness (she could not be
studied). The factor V Leiden and pro-
thrombin variant were investigated in III-34,
III-38, III-40, IV-65, IV-66, IV-68, and IV-70.
The factor V Leiden mutation was present in
III-34 and IV-70, the prothrombin variant in
III-40, both variants in IV-65, IV-66, and
IV-68, and no mutation in III-38. III-35 (who
was not tested) may have both mutations,
because her two daughters carry both muta-
tions. III-61 (who is not a relative) probably
carries the factor V Leiden mutation, as his
wife has the prothrombin mutation, but their
daughter has the factor V Leiden mutation.
Fasting and post-methionine loading serum
homocysteine concentrations were normal in
III-34, III-38, III-40, III-41, IV-65, and
IV-70.

The occurrence of a stroke in a young per-
son is relatively rare. It is even more rare when
two first degree relatives have a stroke at a
young age. The second situation strongly
suggests a genetic cause, which reduces the
list of possible causes considerably.3 On clini-
cal and radiological grounds and after
laboratory and cardiac investigations, in the
probands many hereditary causes of stroke
were excluded (mitral valve prolapse, atrial
myxomas, cardiomyopathies, CADASIL,
Sneddon’s syndrome, MELAS, and abnor-
malities of protein C, protein S, and anti-
thrombin III). In homocystinuria thrombotic
events are invariably more severe than in our
probands, although the occurrence of mental
retardation, epilepsy, and blindness in subject
III-39 is compatible with homocystinuria
(unfortunately, she could not be studied).
III-37 had mild hyperhomocysteinaemia, but
it is unlikely that this was the (only) cause for
her strokes, as hyperhomocystinaemia mostly
causes premature atherosclerosis, microan-
giopathy, and leukoencephalopathy, which
were not found. We therefore considered the
prothrombotic mutations as the most likely
cause.

The factor V Leiden mutation occurs in
about 4% of the Dutch population,2 and the
prothrombin mutation in 1% to 2%.1 The
simultaneous occurrence of both mutations
in one subject can therefore be calculated as
0.04% to 0.08%—that is, 6000 to 12 000
persons in The Netherlands (about 15
million inhabitants). Nevertheless, so far only
one Dutch family in which both mutations
occur has been described.1 All members in
this family with both genetic defects experi-
enced venous thromboses.1 The only other
published pedigree in which both mutations
occur originates from France.4 In this pedi-
gree only one subject carried both mutations,
and she had recurrent venous thrombosis,
but no arterial ischaemic events.4 The risk for
venous thrombosis in patients with both
mutations is probably high, as it is known that
the factor V Leiden mutation enhances the
risk for thrombosis in patients with other
prothrombotic states, such as protein S and
protein C deficiencies.5

Although the association of prothrombotic
mutations, such as the factor V Leiden muta-
tion and the prothrombin variant, with

Cystometric bladder capacities (CBC) for atropine and placebo (saline)

CBC (ml) (95% CI)
Change in CBC ( ml)
(Wilcoxon 95% CI)

Atropine
Pretreatment 183 (144.5-302.5)
Post-treatment 350 (195.3-451.3) 93 (45 to 170)

Saline
Pretreatment 180 (124.6-312.8)
Post-treatment 159 (143.7-331.8) −2.5 (−21.5 to 14.5)
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(recurrent) venous thrombosis is now well
established, the association with arterial
thromboembolism is not clear.5 Population
and case-control studies have shown that the
factor V Leiden mutation is not a risk factor
for myocardial infarction or cerebrovascular
disease5. Nevertheless, this mutation has been
assiociated with ischaemic stroke.6 The rela-
tion between the more recently discovered
prothrombin 20210 A to G mutation1 and
arterial disease has not yet been intensively
studied, but seems unlikely.6 It is, however,
possible that the strokes in the probands can
be attributed to the co-occurrence of two risk
factors (prothrombin mutation and factor V
Leiden mutation in one, and prothrombin
mutation and hyperhomocysteinaemia in the
other), because it is likely that a synergistic
interaction occurs between thrombogenic
risk factors. To study this further, a case-
control study determining the importance of
a combination of thrombogenic risk factors
in unselected young patients with stroke is
necessary.
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BOOK REVIEWS

Neuroimaging and the Psychiatry of
Late Life. Edited by DAVID AMES AND

EDMOND CHIU. (Pp 242). Published, by
Cambridge University Press, Cambridge,
1997. ISBN 0-521 49505 9.

The continuing rapid expansion of neurora-
diology, with new technologies and improve-
ments in more well established techniques,
have sharpened the tools with which to
examine neurological and psychiatric dis-
eases of old age. Investigation of, for
example, the MRI findings in vascular
dementia and depression, measurements of
medial temporal lobe structures in
Alzheimer’s disease, and functional imaging

studies of schizophrenia, have led to new
insights into the diagnosis, prognosis, and
symptomatology of these ill understood dis-
eases. However, there are two obstacles in
the understanding of this expanding area of
research for the interested neurologist and
psychiatrist—namely, understanding of the
basis of the technology and relating the
research findings to best clinical practice.
The remit of this text covers both these
deficiencies.

For the non-physicist getting to grips with
the basic principles and methodologies of
neuroimaging can be daunting. The first
section of this book explains the basic
principles behind the hardware of the imag-
ing department and this is aided by many
excellent diagrams. The general clinical
indications and safety issues of structural
(CT and MRI) and functional (PET,
SPECT, and EEG) imaging techniques are
well reviewed and illustrated.

The second section of the text explores the
research questions and summarises the an-
swers so far in the field of old age psychiatry.
Interpretation of imaging research in abnor-
mal elderly patients, with regard to subject
selection, imaging technique, and the relation
to normal aging, is one of the main dilemmas
in this field. This is fully discussed in the
admirable chapter on normal aging, which
commences this review of the research. Other
chapters on Alzheimer’s disease, vascular
dementia, other dementias, delirum, affective
disorders, and schizophrenia of late onset
continue this well referenced text. Besides
presenting the data for the clinican, this com-
prehensive review will also be appreciated by
researchers in this field.

The third part of this book returns to the
application of these results to clinical prac-
tice. Both an American and European
perspective on the clinical interpretations of
the above data are presented and the conclu-
sion can be quoted “Our ability to image the
brain, however, has in some cases outpaced
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our ability to understand the clinical implica-
tions of the structural and functional findings
seen using modern imaging techniques”. In
other words this interesting research which
has been so excellently summarised here has
yet to make real impact on routine clinical
practice.

CLARE GALTON

Progress in Neurological Surgery,
Volume 14, Gamma Knife Brain
Surgery. Edited by L D Lunsford, D
Kondziolka and J C Flickinger. (Pp 228,
US$188.00). Published by Karger,
Switzerland 1998. ISBN 3-8055-6637-9.

Stereotactic radiosurgery has been with us for
about 30 years. The pioneering work of Lars
Leksell was carried out at the Karolinska
Institute in Stockholm, but in the United
Kingdom, the National Stereotaxic Radiosur-
gery Unit in SheYeld has now been active
since 1985. In theory, indirect methods of
treatment for neurosurgical conditions are to
be preferred to direct open surgery and it
already seems that in a number of areas indi-
rect techniques have already largely replaced
surgery as the treatment of choice, for exam-
ple, in the endovascular coiling for the treat-
ment of intracranial aneurysms where direct
surgery seems destined to become a rare
event for this condition in the not too distant
future. It is therefore disappointing that the
application of the stereotaxic technique to
radiosurgery has not been more productive in
this respect. However, some progress has
been made. This review in the series Progress
in Neurological Surgery sets down the current
state of play in this field. The experience
recorded in this volume is entirely North
American and, as most of the conditions
treated by this technique are rare, it would
have been valuable to have included the by
now quite extensive experience from the
Scandinavian and the United Kingdom units.
The papers in the volume, as is usual in this
type of publication, are of variable quality and
of variable value - one wonders at the need for
a chapter on the technology and physics of
the technique. On balance however it is an
interesting volume and there are some useful
data on the management of quite rare condi-
tions. This may be particularly useful to the
“modern” neurosurgeon who now has to dis-
cuss, using appropriate data, the alternatives
to surgery with each patient as an integral
part of the “informed consent” procedure.
The chapters on Patient outcomes after Arterio-
venous and Cavernous Malformations are
potentially useful in this respect. The section
on Frontiers of Radiosurgery is more prob-
lematic, and because of the small number of
cases involved it is very diYcult to form any
useful conclusions about the place of this
treatment technique in the management of
these diYcult conditions. One questions, for
example, whether it will ever replace tried and
tested surgical techniques in the treatment of
disorders such as trigeminal neuralgia or the
involuntary movement disorders.

Despite the persuasive data presented in at
least some of the chapters in this volume it
remains questionable whether the enormous
expense of these dedicated machines is really
justified in this modern age. We wait with
some interest a future volume on the LINAC
treatment of a similar spectrum of disorders.

The book is compact and well presented
and can certainly be recommended for the
departmental library.

DAVID HARDY

Central Pain-A Neurosurgical Challenge.
Edited by Carlo Alberto Pagni. (Pp 212,
Price not known). Published by Minerva
Medica, Italy, 1998. ISBN 88-7711-303-0.

Although recognised for more than 100
years, central pain remains ill-defined, poorly
understood, intensely debilitating and, in the
majority of patients, refractory to therapy. In
this text, Professor Pagni attempts to define,
classify, and review critically the multitude of
treatments that have been proposed for this
most challenging of conditions.

The book begins with a review of the
history of the condition and a discussion of its
definition, nosology, and clinical spectrum.
There follows a survey of the lesions which
cause central pain, both spontaneous and
iatrogenic, theories about its aetiology, and
the various measures available to treat it.
There is an extensive bibliography for further
reading.

The book provides a critical review of the
literature on central pain, interspersed with
personal observations from over 30 years of
experience in the field. It is written in a suc-
cinct style that presents theories and thera-
pies in a historical sequence, followed by the
author’s comments on current indications
and clinical outcomes. If I have one criticism
of this book it is the index, which is by subject
heading rather than strictly alphabetical
sequence, making it cumbersome for cross-
referencing. This, however, is a minor irrita-
tion.

In summary, this is a thoughtful and enjoy-
able book. It takes a logical look at a subject
which, by its very nature, has a literature con-
taining many anecdotal reports that can be
hard to evaluate in isolation.

ROBERT MACFARLANE

Foundations of Neurobiology. Edited by
Fred Delcomyn. (Pp 649, £32.95).
Published by W H Freeman, Macmillan
Distribution, Basingstoke, 1998. ISBN
0-7167-2627-0.

There is nowadays a trend in the training of
doctors to integrate basic science with medi-
cine in a bid to make more sense of the biol-
ogy one learns as a medical student. Further-
more in the long term it is hoped that as a
result medical practitioners will seek a more
scientific basis to their art, even if the current
funding bodies and training schemes are not
always especially encouraging in this respect.
It is in this context that Delcomyn finds his
book on the “Foundations of Neurobiology”, a
book that has clearly come from years of
patient teaching and explanation. Indeed the
whole emphasis of the book is to teach, as is
evidenced by the language used; for example
“As you will learn in Chapter 5, the . . .” The
book is divided up into six sections, each of
which contains up to half a dozen chapters.
The sections are conventional in their topics,
beginning with the cellular and organisation
of the nervous system, followed by sections
on the motor, sensory and integratory
systems and concluding with a section on

neural plasticity. Each chapter is character-
ised by clear text, beautiful multicoloured
figures and punctuated by short summary
paragraphs. In addition scattered throughout
each chapter are separate boxed items which
detail experimental techniques, typically with
a gorgeous illustrative figure. At the conclu-
sion of each chapter are a few key references
which gives the enthusiastic student some
realistic hope of finding and reading impor-
tant review articles. Finally at the end of the
book, to the relief of all students, is a glossary
of terms along with a brief chapter detailing
anatomical orientation. However, despite the
obvious attraction of this book, the major
problem (as its title implies) relates to its
concentration on neurobiology at the expense
of any neurological application. There is
therefore a great deal of discussion on the
functional organisation of the nervous system
in a number of diVerent species, including
invertebrates. This is useful in establishing
the principles for the organisation of more
complex neural networks as are found in the
mammalian nervous system, but in the
context of a busy clinical training seems
somewhat erudite. Although I found this
book profoundly interesting and useful, espe-
cially given the complexities of the mamma-
lian nervous system, as well as being well-
presented, it does have limited appeal to
students. For example, one has to search hard
to find the section on movement disorders in
the section on motor control and then the
account is limited and not put into any major
therapeutic context. Similarly the account on
cranial nerves is presented somewhat in
isolation. Overall the book is a very enjoyable
experience, both in terms of the clarity of the
text and the visual aesthetics of the figures.
However, the recent shift in medical training
means that books such as this are increasingly
going to struggle to find an audience.

ROGER BARKER

Outcomes in Neurological and
Neurosurgical Disorders. Edited by
Michael Swash. (Pp 614, £80.00).
Published by Cambridge University Press,
Cambridge 1998. ISBN 0-52144327-X.

This is a timely moment to publish a book
which takes an analytical look at outcomes in
the common neurological and neurosurgical
procedures’ obsessed as we seem to be at
present with evidence based medicine. In
addition we are rapidly moving towards and
era when therapies are becoming available for
many neurological diseases, hitherto deemed
more suitable for pastoral care, and our
understanding of treatment trials and the
importance of comparative treatment groups
is essential for local and regional health plan-
ning. It places the work of neurosciences
eVectively in context with the rest of medicine
and provides a multitude of informative
lessons on patient management and our
interpretation of medical dogma and estab-
lished practice.

Before embarking on the more traditional
interpretation of current neurological and
neurosurgical therapy there are four invalu-
able chapters in the introduction section.
These take a practical view on the aims of
studies designed to evaluate and measure
outcome as well as their financial impact on
the health services in a cost-benefit analysis.
Although these subjects may seem a little
stodgy to pure clinicians they provided
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important background within which to un-
derstand the aims of the book and to set up a
pattern of interpretation for the clinical
sections which followed. By and large the
authors keep to the task set out to them in the
introduction and the range of subjects
covered is broad and includes the traditional
subjects of vascular disease, trauma, tumours,
degenerative diseases, infections, epilepsy,
and coma. In addition the contemporary
issues of surgery in movement disorders and
rehabilitation were addressed well. However,
the quality of a few of the sections was
variable and some of the authors appeared to
stray from their brief preferring to provide a
tired and rather automated version of therapy
for a given group of diseases occasionally
providing the reader with a deja vu phenom-
enon.

I cannot pretend that this is an essential
book for neuroscience libraries, but it does
provide important insights for those planning
treatment or outcome studies and may also
be of value for medicolegal work.

NEIL ROBERTSON

Gene Therapy for Neurological Dis-
orders and Brain Tumours. Edited by E
Antonio Chiocca and Xandra O Breakefield.
(Pp 458 US$135). Published by Humana
Press, New Jersey, 1998. ISBN
0-89603-507-7.

This book is a brave attempt to discuss the
burgeoning field of gene therapy for neuro-
logical disorders. To many clinicians, gene
therapy has not to date lived up to all the hype
and excitement of when it was first suggested.
However, as the editors point out in their
preface, this has been a little unfair and it
remains an exciting area that is worthy not
only of intellectual interest but also the possi-
bilities of therapy in the future. The com-
plexities, however, of this technique, cannot
be overestimated. Neurons are postmitotic; a
brain has a degree of immune privilege by
virtue of the blood-brain barrier and other
immunological diVerences to the majority of
other organs. The unbelievable complexity of
the nervous system makes the “fixing” of any
genetic defects incredibly diYcult.

The potential uses of gene therapy are not
restricted to single gene Mendelian disorders,
although it is most likely that this is where the
most significant progress will be made. There
are more common degenerative diseases,
such as Parkinson’s disease and Alzheimer’s
disease, where gene therapy can also be con-
sidered. In this instance, it is not necessary to
correct an identified genetic defect but rather
support the dying cells by transfection with
genes in coding growth factors and so forth.

All of these issues are discussed in some
depth in this book, the first section dealing
with the variety of vectors, in particular diVer-
ent viral systems. This is clearly crucial to the
problem. As one can imagine, one will need to
select an appropriate vector for the problem in
hand. If one wants to fix a genetic defect in
neurons, then one will need a vector that can
eVectively transfer the appropriate gene to the
appropriate place in the genome, with the
appropriate regulatory factors associated, into
non-dividing cells. There are emerging vectors
that have many if not all of these properties.
However, sometimes it will be important to
target dividing cells, particularly in tumour
disorders, and therefore another vector system

will be required. There are a number of
important issues as to the construct that is
transferred by these vectors. Will the whole
gene be necessary? How will the gene, once it
is incorporated, be regulated?

Most of the book deals with many of these
issues and even discusses rat brain models.
The much smaller second part deals with
some neurological disorders, with chapters
on gene therapy, ischaemic stroke, Parkin-
son’s disease, Huntington’s disease, pain and
lysosomal storage disorders, and gene trans-
fer for CNS regeneration.

This is an interesting book, containing a lot
of useful information by some of the world
leaders in the field. It sets the scene for
potential developments well. However, it
quickly moves into the jargon of the field and
I think this will limit its accessibility to
general neurologists who are not au fait with
some of the molecular genetic terminology.

NICK WOOD

Clinical Neurology-Parkinsonism. Edited
by N P Quinn. (Pp 225, £30.00). Published
by Harcourt Brace and Co, Sidcup, Kent,
1997. ISBN 0-7020-2309-4.

Currently the most exciting new develop-
ments in Parkinson’s disease relate to the
genetics and role of á-synuclein in the patho-
genesis of this disorder, and the resurgence of
neurosurgery that dominates new manage-
ment strategies. These areas are therefore
well covered in this book which (like others in
this series) is a well structured and topical
review of, in this case, Parkinsonism. How-
ever, unlike previous volumes, abstracts are
now provided along with a reference list in
which the key articles are highlighted. This is
a useful addition as it not only lays out the
structure of the chapter, but allows the inter-
ested reader to supplement their understand-
ing by the acquisition of a few essential source
articles.

The book opens with a chapter on the
clinical features of Parkinson’s disease
(Quinn) which is supplemented later on by
chapters on other parkinsonian syndromes,
including multiple system atrophy (Quinn
and Wenning), progressive supranuclear
palsy and corticobasal degeneration (Litvan),
as well as other causes of parkinsonism
(Tison). These chapters are helpful in defin-
ing the characteristic features of these dis-
eases and by so doing the diVerences between
them which should allow for a more accurate
clinical diagnosis in life. However, the fact
that all these conditions ultimately rely on
pathology for diagnosis can create significant
discordance between clinical features and
disease state, and this is exacerbated by the
desire to try and fit an atypical patient into
one of these categories. In this respect the
discussion on Lewy body dementia is timely,
given its increasing recognition as a cause of
dementia. The relation of this condition to
Parkinson’s disease is still far from clear and
this is acknowledged by Lennox and Lowe in
their chapter on dementia and Lewy bodies.

The book, however, does not stay purely
within the realm of clinical phenotypes.
Schapira provides a familiar chapter on the
pathogenesis of Parkinson’s disease and
Wood reviews the genetic literature and Ben-
Shlomo the epidemiology. These are compre-
hensive chapters and again highlight the diY-
culties of conducting such work given our
inability to make a definite diagnosis of

Parkinson’s disease in life. There is limited
discussion on á-synuclein and the recent
identification that this forms the major
filamentous component of Lewy bodies and
Lewy neurites is obviously not mentioned,
although it may prove to be the gold standard
for diagnosis in the future. Furthermore, the
recent identification of a second gene (par-
kin), this time in autosomal recessive juvenile
parkinsonism, is also not covered in this
book, which highlights the speed with which
these books can become out of date.

The chapters on management are useful if
not inspiring. Oertel and Quinn discuss the
issue of drug therapy well, both in terms of
overall aims and specific advice, and LeWitt
discusses rather turgidly newer pharmaco-
logical therapies. The controversy as to the
treatment of young onset Parkinson’s disease
is touched on in both chapters, although no
clear scientifically proved answers are pro-
vided. The surgical management is then dis-
cussed by Obeso and colleagues, who present
data on the newer techniques of pallidotomy,
deep brain stimulation, and transplantation.
This is a burgeoning area of interest although
the basic wiring diagram of the basal ganglia,
that regularly turns up in chapters of this sort,
is a gross simplification, which may explain
some of the limited eVects of these surgical
manipulations. Since this book came out
there is now much more information on the
cognitive consequences of pallidotomy, as
well as early studies addressing pallidal versus
subthalamic stimulation in the treatment of
Parkinson’s disease. Furthermore the discus-
sion on transplantation in this chapter is not
especially critical both in terms of the failure
of some centres to follow scientifically proved
methods of tissue preparation and implanta-
tion as well as adherence to the CAPIT-PD
guidelines. This has meant that comparisons
between centres with this experimental pro-
cedure cannot be done easily, if at all.

Overall the book is very rewarding and is
probably more of interest to those not directly
working in the field of movement disorders
and Parkinson’s disease. It is generally clear
and concise and combines scientific data with
practical advice. It is a shame that there is no
discussion of the cognitive and aVective
aspects of Parkinson’s disease, outside the
context of Lewy body dementia, but there
again one can’t have everything!

ROGER BARKER

Ischemic Stroke: from Basic Mechan-
isms to New Drug Development. Edited
by C Y Hsu. (Pp l66, Sw fr 159). Published
by S Kargar AG, Switzerland, 1998. ISBN
3-8055-6560-7.

This volume in the Monographs in Clinical
Neuroscience series provides a timely overview
of recent advances in stroke therapy. The list
of contributors includes many prominent
names from current experimental stroke
research, and the contents of the book gener-
ally live up to the expectations that such a list
generates. Aspects of experimental neuropro-
tection that were covered in individual chap-
ters include glutamate receptor mediated
ischaemic neuronal death, oxidant mecha-
nisms, nitric oxide, inflammatory mecha-
nisms, temperature modulation of ischaemic
injury, apoptosis, and neurotrophic factors.
The chapters vary somewhat in character.
For example, the chapters on glutamate neu-
rotoxicity and inflammatory mechanisms
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provide an overview of the recent literature,
whereas that on oxidant mechanisms pro-
vides focuses more on the use of transgenic
and knockout animals to study free radical
injury in ischaemia. Both types of chapter
provide useful information, but the former
variety seemed to me to sit better with my
perception of the aims of the book.

The second part of the book contains three
chapters. The first of these considers the
current status of new drug development for
stroke, with brief sections on both clinical trials
of thrombolytic and neuroprotective therapy.
It also contains a useful analysis of how proto-
cols for clinical trials might be advanced, with
consideration of clinical outcome assessment,
the need for early enrollment, sample size
issues, and the utility of surrogate end points.
The second of these two chapters focuses on

new MRI techniques in acute stroke. The final
chapter provides a useful overview of future
directions in stroke research.

The book provides an admirable review of
current knowledge regarding experimental
stroke research, and outlines the problems
and some solutions in the clinical application
of such knowledge. I think that this book will
find a wide readership in both clinical and
experimental stroke research, and will be
useful reading for clinicians involved in stroke
management. If I had a concern, it would be
that the discussion of progress in clinical
therapy seems more optimistic than justified.
However, it might be argued that one of the
prime function of monographs such as this is
to arouse and sustain enthusiasm.

DAVID MENON

CORRECTION

Edwards A D, Patel J, Azzopardi D. Prevention
of aquired neurological impairment in the
perinatal period. J Neurol Neurosurg Psychiatry
1997;63 (Supplement 1):S34-S38.

On page S35, in the left hand column,
paragraph 3 the statement: “However, these
data may be aVected by sampling bias, as the
patients who received magnesium all had a
condition (pre-eclampsia) which has a pro-
tective eVect on cerebral palsy in preterm
infants . . .” should read: “However, these
data may be aVected by sampling bias, as the
patients who received magnesium sometimes
had a condition (pre-eclampsia) which has a
protective eVect on cerebral palsy in preterm
infants . . .”
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